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(i>4) Vehicle with power assist unit and controlling method therefor 



(57) In a vehicle (1) with power assist unit (3) and a 
controlling method for the same of the present inven- 
tion, an acceleration calculation unit (8) calculates an 
iir.celeration in a reference environment in the case 
where the vehicle runs in the reference environment on 
tfu- basis of a human drive force from a human drive 
power detection unit, a speed from a speed detection 
unit • (6a). and preset various reference parameters in 

fig. \ 



the reference environment from a reference environ- 
ment setting unit. Furthermore, an assist ratio determi- 
nation unit compares the current acceleration with the 
acceleration in the reference environment supplied from 
the acceleration calculation unit and then determines an 
assist ratio on the basis of the result of the comparison. 
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Description 

10001] The present invention relates to a vehicle with power assist unit which is driven by using human power and 
insist power from the power assist unit, and a controlling method tor the same. 

|0002] Recently, a vehicle with power assist unit has been developed to include a known drive device, such as an 
electric motor, as a power assist unit, and driven by assist power from the power assist unit applied in addition to a force 
(hereinafter referred to as a "human drive power") based on human power by an operator, a user or the like. Specific 
examples of such vehicles are a bicycle with the motor, a wheelchair with the motor, a cargo carrier with the motor and 
the like. In this kind of. vehicle, assist power generated by the motor is added over a rotation power generated by press- 
ing pedals or a rotation power generated by rotating hand rims of wheels. This type of vehicle with power assist unit are 
driven by always adding the assist power to the human drive power with a certain ratio (hereinafter referred to as an 
• assist ratio"). 

[0003] For example, a bicycle with electric motor has been disclosed in Japanese Laid-open Patent Application No. 
Hei 6-255564 as a first conventional vehicle with power assist unit. This first conventional vehicle with power assist unit 
is provided with a motor output calculation unit which measures human drive power in one period of motion cycle and 
then determines an average electric motor output (or an average torque) for the next period on the basis of the value of 
the measurement. The first conventional vehicle with power assist unit is also provided With an output control unit for 
generating the obtained motor output. In other words, in the first conventional vehicle with power assist unit, the output 
torque of the electric motor is controlled by responding in each period of a change in the detected human drive force 
thereby to drive the vehicle. 

[0004] However, the first conventional vehicle with power assist unit is configured to add assist power having a con- 
stant assist ratio tor the human drive power responding in each period of a change in the detected human drive power 
to the human drive power without regard for running resistances corresponding to road surface and meteorological con- 
ditions. For this reason, in the first conventional vehicle with power assist unit, it was impossible to drive rts wheels 
appropriately responding with change of the running resistances. 

[0005] As a second conventional vehicle with power assist unit, an assist power control method tor a power-assisted 
bicycle and an apparatus for the same have been disclosed in Japanese Laid-open Patent Application No. Hei 8-99683 
This second conventional vehicle with power assist unit is provided with a speed sensor for detecting vehicle speed and 
a sensor for detecting acceleration of the vehicle and inclination angle of road surface. In the second conventional vehi- 
cle with power assist unit, the amount of work due to the bicycle is estimated on the basis of the detected speed and 
acceleration or inclination angle. With this configuration of the second conventional vehicle with power assist unit the 
output torque of the electric motor is determined on the basis of the estimated human drive power without directly 
detecting the human drive power. 

[0006] However, in the second conventional vehicle with power assist unit, rt was impossible to detect change of the 
running resistances. For this reason, just as in the case of the first conventional vehicle with power assist unit the sec- 
ond conventional vehicle with power assist unit cannot appropriately drive its wheels responding with the chanqe of the 
running resistances. 

[0007] As described above, in the conventional vehicles with power assist units, the assist ratio cannot be changed 
or determined to an optimal value in response to the change of the running resistances because the assist power is 
determined responding with the human drive power and the amount of work thereof. Therefore, an assist ratio suited 
for a runn.ng environment cannot be determined in the case of the conventional vehicles with power assist units and 
an excessive burden or too much assist power were imposed on the operator or user. This results in lowering the ride 
comfort of the vehicle (bicycle) in the conventional vehicle with power assist unit. 

BRIEF SUMMARY OF THE INVENTION 

[0008] The object of the present invention is to provide a vehicle with power assist unit and controlling method for the 
same that can solve the aforementioned problems in the conventional vehicle with power assist unit and controlling 
method for the same, can be configured with less cost and has a long life. 

[0009] In order to achieve the above-mentioned object, a vehicle has power assist unit including a vehicle running unit 
for running the vehicle, a human drive unit for supplying a human drive power to the vehicle running unit and an assist 
power drive unit tor supplying assist power to the vehicle running unit, and, 

the vehicle comprises: 

a human drive power detection unit for detecting a human drive force, 

an acceleration detection unit tor detecting the speed and the acceleration of said vehicle 

a reference environment setting unit tor presetting various reference parameters in a reference environment 
wherein the vehicle runs. 
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an acceleration calculation unit in the reierence environment tor calculating an acceleration in the relerence envi- 
ronment in the case where the vehicle runs in the reference environment on the basis ot the human drive force from 
the human drive power detection unit, the speed from the acceleration detection unit and the parameters in the ref- 
erence environment from the reference environment setting unit, and 

an assist ratio determination unit for determining the assist ratio of the assist power drive unit to the human drive 
unit on the basis of the acceleration from the acceleration detection unit and said acceleration in the reference envi- 
ronment from the acceleration calculation unit. 

ra01 01 With this configuration of the vehicle with power assist unit of the present invention, it is possible to determine 
an assist ratio suited for a running environment responding with change of running resistances. As a result, the vehicle 
can be driven appropriately. Consequently, the vehicle can run naturally and smoothly without excessive burden and too 
much assist power on an operator or the like with respect to the ride comfort and performance of the vehicle. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0011] 

FIG. 1 is an overall view showing a general configuration of a vehicle with power assist unit of a first embodiment 
of the present invention. 

20 FIG 2 is a block diagram showing the configuration of the vehicle with power assist unit shown in FIG. 1. 

FIG. 3 is a graph showing an example of a human drive force detected by a human drive power detection unit 

shown in FIG. 2. . 
FIG. 4 is a graph showing a relationship between an acceleration and a human drive force obtained by an acceler- 
ation calculation unit in a reference environment shown in FIG. 1 . 
25 FIG 5 is a flowchart showing the operation of the vehicle with power assist unit shown in FIG. 1 . 

FIG. 6 is a block diagram showing the configuration of a vehicle with power assist unit of a second embodiment of . 
the present invention. 

FIG. 7 is a block diagram showing a method of determining an assist ratio for the vehicle with power assist unit 
shown in FIG. 6. 

30 FIG 8 is a flowchart showing the operation of the vehicle with power assist unit shown in FIG. 6. 

FIG. 9 is a block diagram showing the conf iguration of a vehicle with power assist unit of a third embodiment of the 
present invention. 

FIG. 10 is a flowchart showing the operation of the vehicle with power assist unit shown in FIG. 9. 
35 DETAILED DESCRIPTION OF THE INVENTION 

[0012] Preferred embodiments of a vehicle with power assist unit and controlling method tor the same of the present 
invention will be described with reference to the accompanying drawings. In the following descriptions, a bicycle driven 
by a leg power (a pedal pressing power) in combination with an assist power will be described as a preferred embodi- 
40 ment of the vehicle with the power assist unit of the present invention. A wheelchair is realized as the other embodi- 
ment. 

First embodiment 

[0013] FIG. 1 is an overall view showing a general configuration of a vehicle with power assist unit of a first embodi- 
ment of the present invention. FIG. 2 is a block diagram showing the configuration of the vehicle with power assist 
shown in FIG. 1. 

[0014] As shown in FlGs. 1 and 2, a vehicle with power assist unit of the present embodiment comprises a vehicle 
running unit 1 tor running the vehicle, a human drive unit 2 and an assist power drive unit 3 for assistingly driving the 
50 vehicle running, unit 1 , and a control unit 4 for controlling the assist power drive unit 3. 

[0015] The vehicle running unit 1 is provided with wheels la and lb rotatably making contact with a road surface to 
allow the vehicle to run. and support mechanisms 1c and id for rotatably supporting the wheels 1 a and lb. respectively. 
A human drive power from the human drive unit 2 and an assist power from the assist power drive unit 3 are supplied 
to the vehicle running unit 1. As a result, the wheels la and lb are rotated by total powers, and the vehicle runs. 
55 [001 6] The human drive unit 2 includes pedals 2a tor receiving a human drive power from an operator or. a user, and 
a transmission mechanism 2c comprising a pedal crank 2b, a chain, and a one-way clutch tor transmitting the human 
drive power to the vehicle running unit 1 as the human drive force. Furthermore, the transmission mechanism 2c may 
be configured with use of a shaft drive. 
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[001 7] The assist power drive unit 3 includes a Known drive unit 3a such as an actuator having an electric motor, and 
t« battery 3b such as a secondary battery used as an electric power supply tor the drive unit 3a. The drive unit 3a is 
itctivated (rotated) on the basis of an instruction signal from the control unit 4. Furthermore, output of the assist power 
rtitve unit 3 is transmitted as the assist power to the vehicle running unit 1 via the transmission mechanism 2c. A trans- 
mission mechanism for the assist power drive unit 3 is configured with a common mechanism tor the human drive unit 
l\ and alternatively configured with an exclusive mechanism. 

(001 8] The control unit 4 includes a human drive power detection unit 5 for detecting the human drive force Fh trans- 
mitted from the human drive unit 2 to the vehicle running unit 1. The control unit 4 further includes an acceleration 
detection unit 6 for detecting a current acceleration a-, of the vehicle, and a reference environment setting unit 7 for pre- 
setting various references parameters in a reference environment described later. In addition, the control unit 4 includes . 
an acceleration calculation unit 8 for calculating acceleration Oq in the reference environment of the vehicle. The control 
unit 4 further includes an assist ratio determination unit 9 tor determining a ratio Q (hereinafter referred to as an "assist 
ratio") of the assist power to the detected human drive force on the basis of the acceleration a D in the reference envi- 
ronment and the current acceleration a v 

[0019] The human drive power detection unit 5 is formed of a torque sensor, and detects the human drive force Fh, 
which is proportional to the human drive power, in a predetermined time period (1 msec tor example). The human drive 
power detection unit 5 outputs the detected human drive force Fh to the acceleration calculation unit 8 and the assist 
ratio determination unit 9. The torque sensor is herein defined as a non contact sensor which can detect the human 
drive force Fh transmitted from the human drive unit 2 to the vehicle running unit 1 as a torque without making connec- 
tion to a member of the human drive unit 2, such as a crankshaft 2b\ via a mechanical member or a wire, or without 
making sliding contact. More specifically, a magnetic-distortion torque sensor comprising a belt-like magnetic film tor 
generating a distortion in response to a change in the human drive force Fh applied to the pedal crank 2b and a coil tor 
detecting a change in magnetic permeability due to the distortion is taken as an example of the non-contact torque sen- 
sor. Instead of the non-contact torque sensor, another torque sensor is also available which comprises a spring dis- 
posed between the crankshaft 2b' and a drive sprocket (not shown), and detects a torque by detecting a strain 
generated in the spring by using an optical encoder or a Hall-effect device. 

[0020] The human drive force Fh detected by the human drive power detection unit 5 pulsates in response to the rota- 
tion of the pedal crank 2b as shown by a curve 31 shown in FIG. 3. The period of the pulsation is inversely proportional 
to the rotation speed of the pedal crank 2b. For this reason, when the pulsating human drive force Fh is used, the assist 
ratio is changed frequently, whereby the ride comfort of the vehicle may be lowered. To solve this problem, ft may be 
possible to have a conf iguration wherein the human drive power detection unit 5 calculates the average value of a plu- 
rality of continuously detected human drive force values, and outputs the average value to the acceleration calculation 
unit 8 and the assist ratio determination unit 9: Furthermore, it may also be possible to have a configuration wherein the 
maximum value of the human drive force detected in one period is multiplied by a predetermined value (ljS/2 for exam- 
ple) and output to the acceleration calculation unit 8 and the assist ratio determination unit 9. With these configurations, 
the change in the assist ratio Q becomes smooth, and it is possible to prevent the ride comfort of the vehicle from being 
lowered. 

[0021] The acceleration detection unit 6 comprises a speed detection unit 6a for detecting the current speed V of the 
vehicle, and an acceleration calculation unit 6b for calculating the current acceleration a n on the basis of the detected 
speed V. The speed detection unit 6a is formed of a mechanical-optical type or electromagnetic type encoder for exam- 
ple, and outputs the detected speed V to the acceleration calculation unit 6b and the acceleration calculation unft 8 in 
the reference environment. 

[0022] Instead of the configuration described above, it may be possible to have a configuration wherein the acceler- 
ation detection unft 6 calculates the period of the human drive force Fh by using the human drive force Fh from the 
human drive power detection unit 5, and then calculates the speed V and the acceleration of the vehicle. With this 
configuration, no speed sensor is required to be used v 

[0023] The reference environment setting unit 7 is used to preset reference environment parameters required tor cal- 
culating an acceleration in an estimated reference environment including road surface and meteorological conditions. 
Specific reference environment parameters are the inclination angle 6 of a road surface and running resistance d 
exerted on the vehicle. The running resistance d is stipulated in accordance with the above-mentioned inclination angle 
6, a kinetic friction force from the road surface, air resistance due to meteorological conditions such as wind, etc. 
[0024] The acceleration calculation unit 8 calculates acceleration a D in the reference environment when the vehicle 
runs therein. This calculation is carried out on the basis of the human drive force Fh from the human drive power detec- 
tion unit 5, the speed V from the speed detection unit 6a and the reference environment parameters (the inclination 
angle e and the running resistance d) preset by the reference environment setting unit 7. More specifically, the acceler- 
ation calculation unit 8 calculates the above-mentioned acceleration a G by using the following equation of motion (1) for 
the vehicle, and outputs the acceleration a G to the assist ratio determination unit 9. 
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mxa + dxV + mxgx sine «= Fh + Q xFh 

— (1) 

£ 

[0025] In the equation (1), m is the overall weight of the vehicle including the standard weight of the operator (60 kg 
for example), and g is the gravitational acceleration. The overall weight m and the gravitational acceleration g have been 

io set beforehand in the acceleration calculation unit 8. Instead of use of the standard weight, it may be possible to use a 
detected weight of the operator with a load sensor. The second term on the right side of the equation (1) represents the 
assist power of the assist power drive unit 3. A predetermined initial value has been set as the assist ratio Q. 
[0026] By substituting the reference environment parameters, the initial value of the assist ratio Q, the speed V and 
the human drive force Fh into the equation (1 ). the relationship between the acceleration <x 0 and the human drive force 

75 Fh in the reference environment shown by a linear line 41 in FIG. 4 is obtained in the acceleration calculation unit 8 for 
example. 

1 — "[0027] The assist ratio determination unit 9 compares the current acceleration a n from the acceleration detection unit 
6 with the acceleration a G in the reference environment from the acceleration calculation unit 8. in the case when the 
current acceleration cm is larger than the acceleration a D in the reference environment, that is, in the case where the 
20 current acceleration a, is located in an area above the linear line 41 shown in FIG. 4 she assist ratio determination unit 
9 Judges that the initial value of the assist ratio Q is excessive for the current running environment The assist ratio 
determination unit 9 then decreases the initial value of the assist ratio Q by a preset predetermined value. As a result, 
an instruction signal tor decreasing the assist ratio Q is delivered from the control unit 4 to the assist power drive unit 3. 
• i - [0028] Oh the other hand, in the case when the current acceleration a-, is smaller than the acceleration a D in the ref- 
L erence environment, that is, in the case where the current acceleration a-, is located in an area below the linear line 41 
T shown in FIG. 4, the assist ratio determination unit 9 judges that the initial value of the assist ratio Q is insufficient for. : 
\ the current running environment. The assist ratio determination unit 9 then increases the initial value of the assist ratio 
1 Q by the preset predetermined value. As a result, an instruction signal for increasing the assist ratio Q is delivered from 
L th e control unit 4 to the assist power drive unit 3. 
3aTT0029] As described above, the assist ratio determination unit 9 of the present embodiment can determine an assist 
ratio suited for a running environment responding with change of the running resistances. As a result, the vehicle can 
be driven appropriately. 

[0030] Instead of the above-mentioned configuration, it may be possible to have a configuration wherein the assist 
ratio Q is zero in the case when the value of the human drive force supplied from the human drive power detection unit 

35 is zero. With this configuration, the vehicle can run safely. Furthermore, it may be possible to have a configuration 
wherein a sensor is provided to detect the operation angle of a brake lever operated by the operator, and the assist ratio 
determination unit 9 sets the assist ratio Q to zero when the operation angle becomes a predetermined angle or more. 
[0031] By setting d = 0 in the above-mentioned equation (1), a running environment wherein the running resistance 
d is almost zero can be used as the reference environment. Furthermore, instead of the initial value, a value at the 

40 present time may be assigned to the assist ratio Q and substituted into the equation (1). Moreover, responding with a 
ratio between the acceleration a 0 in the reference environment and the current acceleration a n . the assist ratio Q may 
be calculated tor each ratio. Besides, even when a value is preset, it may be possible to carry out a method wherein 
plural setting values other than the initial value may be ready for use as the assist ratio Q, and may be selectively used 
. appropriately as necessary. 

45 [0032] Apart from the aforementioned explanation^ wherein the assist ratio Q is changed by the preset predetermined 
value, an alternative configuration may be such that various values say be calculated for each ratio responding with the 
ratio of the acceleration a D in the reference environment and the current acceleration a-, . In addition, even when the pre- 
set predetermined value is used, it may be possible to carry out a method wherein plural predetermined values may be 
ready for use. and may be selectively used appropriately. 
so [0033] Furthermore, instead of using the equation of motion (1) tor the vehicle, the equation (1) may be modified. For 
example, a term proportional to the square of the speed may be added to the equation (1). Moreover, it may be possible 
fto have a configuration wherein an input device such as a numeric keypad may be provided so that the operator can 
Xiphange the overall weight m. the running resistance d or the inclination angle 6. 
[0034] Operation of the vehicle with power assist unit will be described below referring to FIG. 5. 
55 [0035] FIG. 5 is a flowchart showing the operation of the vehicle with power assist unit shown in FIG. 1 . 

[0036] As shown in FIG. 5, in the vehicle with power assist unit of the present embodiment, the human drive power 
detection unit 5 detects the human drive force transmitted from the human drive unit 2 to the vehicle running unit 1 in 
the first place (step Si). After this, the humar :3iive power detection unit 5 outputs the detected human drive force to 
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the acceleration calculation unit 8 in the reference environment and the assist ratio determination unit 9 (step S2). 
. [0037] Next, the acceleration calculation unit 8 calculates acceleration a c in the reference environment based upon 
the human drive force Fh from the human drive power detection unit 5, the speed V from the speed detection unit 6a 
and the preset reference environment parameters (the inclination angle 6 and the running resistance d) from the refer- 
ence environment setting unit 7 (step S3). And then, the acceleration calculation unit 8 outputs the calculated acceler- 
ation a 0 in the reference environment to the assist ratio determination unit 9. 

[0038] The assist ratio determination unit 9 compares the current acceleration supplied from the acceleration 
detection unit 6 with the acceleration a 0 in the reference environment supplied from the acceleration calculation unit 8. 
The assist ratio determination unit 9 then determines whether the current acceleration a-, is larger than the acceleration 

u a 0 in the reference environment or not (step S4). 

[0039] In the case when the current acceleration a, is larger than the acceleration a D in the reference environment, 
the assist ratio determination unit 9 determines that the initial value of the assist ratio Q is excessive tor the current run- 
ning environment. After this, the assist ratio determination unit 9 decreases the initial value of the assist ratio Q by the 
preset predetermined value, and determines the obtained value as the assist ratio (step S5). As a result, an instruction 

».* signal for decreasing the assist ratio Q is delivered from the control unit 4 to the assist power drive unit 3. 

[0040] In the case when the current acceleration a-i is smaller than the acceleration a c in the reference environment, 
the assist ratio determination unit 9 judges that the initial value of the assist ratio Q is insufficient tor the current running 
environment, the assist ratio determination unit 9 then increases the initial value of the assist ratio O by the preset pre- 
determined value (step S6). As a result, an instruction signal for increasing the assist ratio Q is delivered from the con- 

?o trol unit 4 to the assist power drive unit 3. 

rrD041] As described above, in the vehicle with power assist unit and the controlling method tor the same of the present 
embodiment, the acceleration calculation unit 8 in the reference environment calculates acceleration Oq in the reference 
environment. This calculation is carried out on the basis of the human drive force Fh from the human drive power detec- 
tion unit 5, the speed V from the speed detection unit 6a and the preset reference environment parameters from the 
reference environment setting unit 7. Furthermore, the assist ratio determination unit 9 compares the current accelera- 
tion a-, supplied from the acceleration detection unit 6 with the acceleration a 0 in the reference environment supplied 
from the acceleration calculation unit 8, and determines the assist ratio Q on the basis of the result of the comparison. 
Thereby, in the vehicle with power assist unit and the controlling method for the same of the present embodiment, it is 
possible to determine the assist ratio Q suited for the running environment responding with the change of the running 
resistances. As a result, the vehicle can be driven appropriately. Consequently, in the vehicle with power assist unit and 
the controlling method of the present embodiment, the vehicle can run naturally and smoothly without imposing any 
sense of discomfort on an operator or the like with respect to the ride comfort of the vehicle. 



Second Embodiment 
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[0042] FIG. 6 is a block diagram showing the configuration of a vehicle with power assist unit of a second embodiment 
of the present invention. In the configuration of a vehicle with power assist unit of the present embodiment, an assist 
ratio determination unit estimates a current running environment on the basis of a detected human drive force and a 
detected acceleration, and determines an assist ratio. Except for this feature, the present embodiment is the same as 
the first embodiment, and descriptions overlapping each other are omitted. 
[0043] Referring to FIG. 6, in the vehicle with power assist unit of the present embodiment; an assist ratio determina- 
tion unit 1 1 in a control unit 10 estimates the current running environment on the basis of the human drive force Fh from 
the human drive power detection unit 5 and the acceleration a, from the acceleration detection unit 6, and determines 
the assist ratio. With this configuration of the vehicle with power assist unit of the present embodiment, it is possible to 
45 determine the assist ratio suited for the running environment responding with the change of the running resistances. As 
a result, the vehicle can be driven appropriately. 

[0044] A method of determining the assist ratio by using the assist ratio determination unit 1 1 will be elucidated with 
reference to FIG. 6 and FIG. 7 more specifically. 

[0045] FIG. 7 is a block diagram showing a method of determining an assist ratio tor the vehicle with power assist unit 
50 shown in FIG. 6. 

[0046] Referring to FIG. 6 and FIG. 7, a force R in a running environment exerted on the running vehicle is repre- 
sented by using a function having the speed V of the vehicle, running resistance d, the overall weight m of the vehicle, 
the gravitational acceleration g and the inclination angle e of a road surface as parameter thereof. For example, the 
force R is represented by the following equation (2). 

R-dxV + mxgx sine (2) 
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[0047] The following equation (3) can be obtained from the aforementioned equations (1) and (2). 

R ■ - Fh + Q x Fh - m x a a (3) 



[0048] Just as in the case of the first embodiment, the preset value including the initial value, the value at the present 
time or the value calculated responding with the detected current human drive force is used as the assist ratio Q in 
to equation (3). In other words, on the basis of the human drive force from the human drive power detection unit 5, the 
assist ratio determination unit 1 1 selects one of the preset value, the value at the present time and the value calculated 
responding with the detected current human drive force, and determines the selected value as a first assist ratio. 
[0049] in addition, since the force R in the running environment is a force exerted on the running vehicle, the force 
becomes a multiple of the detected human drive force, and the following equation (4) is set up. 

R - q x Fh — - (4) 



20 [0050] The following equation (5) can be obtained from the above-mentioned equations (3) and (4). 

q - ( Fh + O x Fh - m x a 1 ) / Fh ( 5 ) 

25 

[0051] A second assist ratio q is calculated by substituting the human drive force Fh from the human drive power 
detection unit 5 and the acceleration a n from the acceleration detection unit 6 into the above-mentioned equation (5). 
The assist ratio determination unit 1 1 determines this second assist ratio q as a new assist ratio. Consequently, it is pos- 
30 sible to determine the assist ratio suited tor the current running environment, and the vehicle can be driven appropri- 
ately. 

[0052] Furthermore, it may be possible to have a configuration wherein the value q is calculated from the following 
equation (6) to compensate for the inertia term of the vehicle. With this configuration, an inertia force exerted on the 
vehicle can be reduced, and the riding comfort of the vehicle can be improved. In the equation (6), p is a constant value 
35 determined depending on the rated output of an electric motor. 

" q « ( Fh ■+ Q x Fh - m x ) / Fh «► m x a x / p 

— (6) 

■ [0053] Operation of the vehicle with power assist unit of the present embodiment will be described below referring to 
FIG. 8. 

45 [0054] FIG. 8 is a flowchart showing the operation of the vehicle with power assist unit shown in FIG. 6. 

[0055] As shown in FIG. 8, the human drive power detection unit 5 outputs the detected human drive force, and the 
acceleration detection unit 6 outputs the detected acceleration to the assist ratio determination unit 11 (step S7). 
[0056] Next, on the basis of the human drive force from the human drive power detection unit 5, the assist ratio deter- 
mination unit 1 1 selects one of the preset value including the initial value, the value at the present time and the value 

so calculated responding with the detected current human drive force, and determines the selected value as the first assist 
ratio (step SB). After this, on the basis of the determined first assist ratio and the acceleration d from the acceleration 
detection unit 6, the assist ratio determination unit 1 1 calculates the second assist ratio q, and determines the second 
assist ratio q as the new assist ratio Q (step S9). 

[0057] As described above, in the vehicle with power assist unit and the controlling method for the same of the present 
55 embodiment, the assist ratio determination unit 11 estimates the current running environment on the basis of the 
human drive force Fh from the human drive power detection unit 5 and the acceleration a-, from the acceleration detec- 
tion unit 6, and determines the assist ratio. With this configuration of the vehicle with power assist unit and the control- 
ling method for the same of the present embodiment, it is possible to determine the assist ratio suited for the running 
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environment responding with the change of the running resistances. As a result, the vehicle can be driven appropriately 
Furthermore, in the vehicle with power assist unit and the controlling method tor the same of the present embodiment 
it is possible to determine the assist ratio more suited tor the current running environment than that in the case of the 
first embodiment wherein the preset inclination angle 6 and running resistance d are used as the reference environment 
parameters. 

Third Embodiment . 

[0058] FIG. 9 is a block diagram showing the configuration of a vehicle with power assist unit of a third embodiment 
I*' of the present invention. In the configuration of a vehicle with power assist unit of the present embodiment, an inclina- 
tion angle detection unit is provided to detect the inclination angle of the road surface. An assist ratio determination unit 
estimates the current running environment on the basis of the detected human drive force, the detected acceleration 
and a detected inclination angle, and determines the assist ratio. Except for this feature, the present embodiment is the 
same as the second embodiment, and descriptions overlapping each other are omitted. 
75 [0059] Referring to FIG. 9. in the vehicle with power assist unit of the present embodiment, an inclination angle detec- 
tion unit 13 for detecting the inclination angle 6 of the road surface is provided in a control unit 12. An assist ratio deter- 
mination unit 14 estimates a current running environment on the basis of a human drive force Fh from a human drive 
power detection unit 5. an acceleration a-, from an acceleration detection unit 6 and an inclination angle e from the incli- 
nation angle detection unit 13. and determines an assist ratio. With this configuration of the vehicle with power assist 
unit of the present embodiment, it is possible to determine the assist ratio suited tor the running environment respond- 
ing with the change of the running resistances. As a result, the vehicle can he driven appropriately. 
[0060] More specifically, a force FT exerted on the running vehicle due to the running resistance d is represented by 
the following equation (7) by using the speed V of the vehicle and the running resistance d. 



20 



25 



R ' = d x V : (7) 



3D [0061] The following equation (8) can be obtained from the aforementioned equations (1) and (7). 

R 1 - Fh + Q * Fh - m x a x - m x g x sine 
35 — (8) 



[0062] In addition, since the force R' due to the running resistances is the force exerted on the running vehicle, the 
*o force becomes a multiple of the detected human drive force, and the following equation (9) is set up. 

R' « q\ x Fh _„ (9) 



[0063] The following equation (10) can be obtained from the above-mentioned equations (8) and (9). 
so S f = ( Fh + Q x Fh - m x <x x - m x g x sine) / Fh 

(10) 



[0064] The assist ratio q* is calculated by substituting the human drive force Fh from the human drive power detection 
unit 5. the acceleration ttl from the acceleration detection unit 6 and the inclination angle 6 from the inclination angle 
detection unit 13 into the above-mentioned equation (10). The assist ratio determination unit 14 determines the assist 
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ratio q' as a new assist ratio. Consequently, it is possible to determine an assist ratio suited tor a current running envi- 
ronment, and the vehicle can be driven appropriately. 

[0065] Operation ol the vehicle with power assist unit of the present embodiment will be described below referring to 
FIG. 10. 

f [0066] FIG. 10 is a flowchart showing the operation of the vehicle with power assist unit shown in FIG. 9. 

[0067] As shown in FIG. 10. the human drive power detection unit 5 outputs the detected human drive force, the accel- 
eration detection unit 6 outputs the detected acceleration, and the inclination angle detection unit 13 outputs the 
detected inclination angle to the assist ratio determination unit 14 (step S10). 

[0068] Next, Just as in the case of the second embodiment, on the basis of the human drive force from the human 
to drive power detection unit 5, the assist ratio determination unit 14 selects one of the preset value including the initial 
value, the value at the present tile and the value calculated responding with the detected current human drive force, and 
determines the selected value as the first assist ratio (step S8). After this, on the basis of the determined first assist 
ratio, the acceleration a-j from the acceleration detection unit 6 and the inclination angle 6 from the inclination angle 
detection unit 13, the assist ratio determination unit 14 calculates the second assist ratio q. and determines the second 
75 assist ratio q as the new assist ratio Q. 

[0069] As described above, in the vehicle with power assist unit and the controlling method for the same of the present 
embodiment, the assist ratio determination unit 14 estimates the current running environment on the basis of the 
human drive force Fh from the human drive power detection unit 5, the acceleration a-j from the acceleration detection 
unit 6 and the inclination angle e from the inclination angle detection unit 13, and determines the assist ratio. With this 
20 configuration of the vehicle with power assist unit and the controlling method for the same of the present embodiment, 
it is possible to determine the assist ratio suited tor the running environment responding with the change of the running 
resistances. As a result, the vehicle can be driven appropriately. 

[0070] Although the present invention has been described in terms of the presently preferred embodiments, it is to be 
understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no doubt 
25 become apparent to those skilled in the art to which the present invention pertains, after having read the above disclo- 
sure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations and modifications as 
fall within the true spirit and scope of the invention. 

Claims 

30 

1. A vehicle with a power assist unit including a vehicle running unit for running said vehicle, a human drive unit for 
supplying a human drive power to said vehicle running unit and an assist power drive unit for supplying assist power 
to said vehicle running unit, comprising: 

35 a human drive power detection unit for detecting a human drive force, 

an acceleration detection unit tor detecting the speed and the acceleration of said vehicle, 

a reference environment setting unit for presetting various reference parameters in a reference environment 

wherein said vehicle runs, 

an acceleration calculation unit in said reference environment for calculating an acceleration in said reference 
*o environment in the case where said vehicle runs in said reference environment on the basis of said human 

drive force from said human drive power detection unit, said speed from said acceleration detection unit and 
said parameters in said reference environment from said reference environment setting unit, and 
an assist ratio determination unit for determining the assist ratio of said assist power drive unit to said human 
drive unit on the basis of said acceleration from said acceleration detection unit and said acceleration in said 
4£ reference environment from said acceleration calculation unit. 

2. A vehicle with a power assist unit in accordance with claim 1 , wherein said acceleration calculation unit calculates 
said acceleration in said reference environment by using an equation of motion for said vehicle. 

so 3. A vehicle with a power assist unit in accordance with claim 2, wherein said equation of motion for said vehicle is 
represented by: 

mxd + dxV + mxg. x sine «= Fh + Q x Fh 

55 

wherein m is the overall weight of said vehicle, a is the acceleration of said vehicle, V is the speed of said 
vehicle, d is running resistances exerted on said vehicle, g is the gravitational acceleration exerted on said vehicle, 
e is the inclination angle of a road surface on which said vehicle is running, Fh is a human drive force and Q is an 
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assist ratio. 

A vehicle with a power assist unit including a vehicle running unit lor running said vehicle, a human drive unit lor 
supplying a human drive power to said vehicle running unit and an assist power drive unit tor supplying assist power 
to said vehicle running unit, comprising: 

a human drive power detection unit tor detecting a human drive torce, 
an acceleration detection unit for detecting the acceleration of said vehicle, and 

an assist ratio determination unit for determining the assist ratio of said assist power drive unit to said human 
drive unit on the basis of said human drive force from said human drive power detection unit and said acceler- 
ation from said acceleration detection unit. 

5. A vehicle with a power assist unit including a vehicle running unit for running said vehicle, a human drive unit for 
supplying a human drive power to said vehicle running unit and on assist power drive unit for supplying assist power 
to said vehicle running unit, comprising: 

a human drive power detection unit for detecting a human drive force, 

an acceleration detection unit tor detecting the acceleration of said vehicle, 

an inclination angle detection unit for detecting the inclination angle of a road surface on which said vehicle is 
running, and 

an assist ratio determination unit for determining the assist ratio of said assist power drive unit to said human . 
drive unit on the basis of said human drive force from said human drive power detection unit, said acceleration 
from said acceleration detection unit and said inclination angle from said inclination angle detection unit. 

6; A method of controlling a vehicle with power assist unit including a vehicle running unit for running said vehicle, a 
human drive unit for supplying a human drive power to said vehicle running unit and an assist power drive unit for 
supplying assist power to said vehicle running unit, comprising: 

a detection step tor detecting the speed and the acceleration of said vehicle, and a human drive torce supplied 
to said vehicle running unit, 

an acceleration calculation step for calculating an acceleration in a reference environment in the case where 
said vehicle runs in said reference environment on the basis of said speed and said human drive force detected 
in said detection step, and preset various reference parameters for said reference environment, and 
a determination step for determining the assist ratio of said assist power drive unit to said human drive unit on 
the basis of said acceleration detected in said detection step and said acceleration in said reference environ- 
ment calculated in said acceleration calculation step. 

7. A method of controlling a vehicle with power assist unit in accordance with claim 6, wherein said acceleration in 
said reference environment is calculated by using an equation of motion for said vehicle in said acceleration calcu- 

<o lation step. 

8. . A method of controlling a vehicle with power assist unit in accordance with claim 7, wherein said equation of motion 
for said vehicle is represented by: 

45 

mxa+dxV + mxgx sine ■ Fh + Q x Fh 

wherein m is the overall weight of said vehicle, a is the acceleration of said vehicle, V is the speed of said 
vehicle, d is running resistances exerted on said vehicle, g is the gravitational acceleration exerted on said vehicle, 
so e is the inclination angle of a road surface on which said vehicle is running, Fh is a human drive force, and O is an 
assist ratio. 

9. A method of controlling a vehicle with power assist unit including a vehicle running unit for running said vehicle, a 
human drive unit for supplying a human drive power to said vehicle running unit and an assist power drive unit tor 
supplying assist power to said vehicle running unit, comprising: 

a detection step tor detecting the acceleration of said vehicle and a human drive force supplied to said vehicle 
running unit, and 



11 



EP 0 926 059 A2 



TO 



a determination step for determining the assist ratio of said assist power drive unit to said human drive unit on 
the basis o1 said acceleration and said human drive force detected in said detection step. 

10. A method of controlling a vehicle with power assist unit including a vehicle running unit tor running said vehicle, a 
: human drive unit for supplying a human drive power to said vehicle running unit and an assist power drive unit for 
supplying assist power to said vehicle running unit, comprising: 

a detection step tor detecting the acceleration of said vehicle, a human drive force supplied to said vehicle run- 
ning unit and the inclination angle of a road surface on which said vehicle is running, and 
a determination step for determining the assist ratio of said assist power drive unit to said human drive unit on 
the basis of said acceleration, said human drive force and said inclination angle detected in said detection step. 
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FIG. 10 
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